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ABSTRACT 
 
 
 
Polymer foam biocomposites based on Polypropylene (PP)-Pineapple Leaf 
Fiber (PALF) were successfully produced by an extrusion foaming 
process. The compounding of PP with PALF was performed in twin-screw 
extruder which blend the materials with dicumyl peroxide (DCP) and 
chemical blowing agent (ADC). The DCP (1%) and ADC (1.5%) were 
kept constant while PALF content were varied from 0% to 30% by weight. 
After forming the foam, samples was prepared for water absorption test 
(ASTM D-2842), density determination and biodegradability test (ASTM 
G21). The PP-PALF biocomposite foam was characterized using 
Thermogravimetry Analysis (TGA) and Differential Scanning Calorimetry 
(DSC). It was found that PP-PALF biocomposite foam is open-cell foam 
and is proved by the water absorption test which increased linearly with 
increment of PALF loadings. From the DSC result, it was showed that the 
percent of crystallinity decreases with increased in filler loading and the 
melting temperature of the PALF-PP biocomposite foam were not much 
affected by incorporation of PALF. Finally, the additions of pineapple leaf 
fiber into each formulation have significantly improved the 
biodegradability of the biocomposites. 
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ABSTRAK 
 
 
 
 Biokomposit polimer berbusa berasaskan gentian daun nenas (PALF) diisi 
polypropiline (PP) telah Berjaya dihasilkan melalui proses penyemperitan. Proses 
penyaemperitan PP dan PALF telah dilakukan dengan menggunakan mesin 
penyemperitan screw berkembar. Bahan mentah ini kemudiannya diadunkan pula 
bersama-sama dicumyl perosida (DCP) dan agen pembuih kimia (ADC) untuk 
menghasilkan biokomposit berbusa. Dalam kajian ini, hanya kandungan PALF 
dipelbagaikan dari 0% hingga 30% daripada berat keseluruhan, manakala 
kandungan DCP (1%) dan ADC (1.5%) adalah tetap. Selepas proses 
penyemperitan berbusa, sampel-sampel ini kemudiannya telah menjalani proses 
penentuan ketumpatan, ujian penyerapan air (ASTM D-2842) dan ujian 
kebolehuraian (ASTM G21). Proses pencirian juga telah dilakukan ke atas 
biokomposit berbusa tersebut. Mikrogaf optikal (SEM) pula telah digunakan 
untuk mengkaji struktur sel biokomposit bebusa tersebut. Pemerhatian 
menggunakan SEM telah mendedahkan bahawa struktur sel biokomposit berbusa 
ini terdiri daripada sel-sel terbuka. Dari proses penentuan ketumpatan pula telah 
menunjukan berlakunya peningkatan ketumpatan bagi setiap komposit berbusa 
apabila kandungan PALF ditambah. Peningkatan kandungan PALF juga 
mengurangkan peratusan hablur yang hadir dalam setiap biokomposit berbusa 
tersebut. Akhir sekali, penambahan PALF juga telah meningkatkan kadar 
kebolehuraian bagi setiap biokomposit berbusa tersebut. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1  Research Background 
 
 
 The use of polymeric foam in today‟s world has constantly increased. Many 
reasons support this growth: light weight, insulation properties, softness, excellent 
strength/weight ratio, material costs and energy absorption performance. Many times 
reductions after foaming in material costs are around 30% without compromising the 
function or required strength, which is one of the advantages that could lead to even 
wider use of foams in industry. The chemicals used are today environmental friendly 
and the mechanical and barrier properties can be greatly affected by multilayer 
constructions; mechanically strong sandwich structures can be produced with solid skin 
layers, low gas permeability polymers and tie layers support their use for high barrier 
packages (Krayink et al., 1987). 
 
 
 The main applications for foamed plastics can be found in the building, 
automobile, packaging and sport industries. They include the end products for insulative 
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sheets, floor coverings, and profile for finishing, automobile linings, packaging films, 
cable wires, interior finishing, shoes and cups (Kumar, 1993). 
 
 
 Because of environmental demands, foamed polymers have also been threatened 
and raw material and process manufactures have been forced to find solutions for 
recyclable polymers and alternatives for blowing agents‟ deleterious effects on the ozone 
layer. These challenges have led studies more away from the traditional materials, 
polystyrene and polyurethane and towards the use of polyolefins, polyethylene and 
polypropylene (Fox and Goodman, 1993). The tremendous growth in the use of foams in 
the last three decades has also created a serious problem of waste disposal and to 
overcome this problem, natural fiber will be added to make the foam biodegradable 
(Daniel Klempner and Vahid Sendijarevic, 2004). 
 
 
In Malaysia, agriculture is an important sector of economy. Traditionally, 
agricultural materials have been shipped away for processing, or disposed of 
postharvest. Diversification of the industry is crucial in encouraging economic stability 
and growth. Value-added processing would helps in agricultural diversification. 
Pineapple Leaf Fiber (PALF), the subject of the present study, is a waste product of 
pineapple cultivation. Hence, pineapple fiber can be obtained for industrial purposes 
without any additional cost. 
 
 
Traditional plastic materials are reinforced by the non-biodegradable fiber, which 
are both expensive and harmful to the environment. A fiber based biocomposite material 
contains polymers reinforced with natural fiber. There are  number of advantages of 
using natural fibers in biocomposites, among which are: a) natural fiber will make the 
material partially biodegradable; b) natural fiber, in this research is PALF is currently 
disposed of by burning; and c) PALF is a low cost, low density and low energy 
consumption. Over the past decade, cellulosic fillers have been of greater interest as they 
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improve composites mechanical properties compared to those containing non-fibrous 
fillers. In recent years, thermoplastic materials have been increasingly used for various 
applications (Folkes, 1982). 
 
 
Research on a cost effectiveness modification of natural fiber is necessary since 
the main attraction for today‟s markets of biocomposites is the competitive cost of 
natural fiber. This research attempts to address the following question: do PALF have 
any influence on the foam properties. Polymer reinforced biocomposites have 
demonstrated a marked improvement in the physical properties of polymeric materials. 
Natural fibers have proven to yield many desirable properties when utilized as 
reinforcing agents in polymer composite (Sui et al., 2009).  
 
 
 Since the tensile strength for these natural fibers are low, the composites reach 
only of about 60 % of the tensile strength of the GF-PP composites. However the 
Young‟s moduli are commonly higher than those of GF-PP composites. By considering 
the economy factors where the natural fiber are abundant and are relatively cheap 
compare to engineering glass fiber, natural fibers have their significant important in the 
composite field as reinforcement. 
 
 
 Although there are not many tests carried out for the flexural properties of 
composites, this property is important to study the fracture behavior. Regarding PALF 
reinforced polyester, Uma Devi et al. (1997) pointed that the addition of fiber made the 
composite more ductile. In her work, the flexural strength values of the PALF-polyester 
composites were less than the pure polyester at low weight fractions (10 wt %) of the 
fiber. Further increased of the fiber loading, the flexural strength had improved by 
nearly 120 % for composite containing 30mm long fibers. But when reach more than 30 
wt %, the flexural modulus decreased. At 40 wt %, the flexural strength decreased cited 
13 % of value. To explain this, the author pointed that higher fiber loading encouraged 
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fiber-to-fiber interaction and the fiber were not well dispersed within the resin latex. For 
this research, the best result was obtained at fiber loading of 30 wt %. 
 
 
In order to take full advantage of the natural agriculture processing by-product, 
this study will comminute and compound PALF in Polypropylene (PP) matrix, which 
will then be foamed to enhance light weight properties of the finished polymer foam 
biocomposites. Generally, this research is conducted to develop PP/PALF foam 
biocomposites to attain the desired properties for the application in construction 
(pellets), packaging (example: egg tray, fruits tray) and furniture industry (synthetic 
wood). 
 
 
 
 
1.2  Problem Statement 
 
 
 The use of plastic foam creates lots of difficulties and problem such as high cost 
and environmental pollution. Moreover polymer foams difficult to dispose. Thus, the 
best solution to overcome these problems is to produce partially biodegradable materials 
such as polymer foam biocomposite. Creating a cellular structure to produce foam 
thermoplastics and utilizing inexpensive fillers to manufacture thermoplastic composites 
are two effective ways of addressing the price challenge and improve biodegradability. 
 
 
 The large consumption of thermoplastics continues to draw deep development 
effort to improve resin manufacturing, which becomes phenomenal support to the foam 
industry. It is well-known that thermoplastic foams have lot advantages compared to 
thermoplastic itself. However, the research and development in thermoplastic foam 
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biocomposite is less conducted. Thus, this study emphasis on the extrusion foaming 
process for PP/PALF foam biocomposite. This project is mainly to evaluate:  
 
 
i. Is PALF enhance the physical, thermal and morphological properties and 
 reduce weight of the  biocomposite? 
ii. What is the effect of PALF loading on the biocomposite foam? 
iii. Does addition of PALF improved the biodegradability of the 
 biocomposites? 
 
 
 
 
1.3  Objectives of Study 
 
 
       The objectives of this research are to: 
i. To study the cell morphology and cell size of the composite by Scanning 
Electron Microscopy (SEM). 
ii. To investigate the effect of filler loading on physical and thermal 
properties of PP/PALF foam biocomposites. 
iii. To investigate the effect of filler loading on the biodegradability. 
 
 
 
 
1.4  Scopes of Research 
 
 
      The scopes of research are: 
i. Preparation of short pineapple leaf fiber (PALF) 
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ii. Extrusion Foaming 
iii. Testing to study properties: 
- Density 
- Water Absorption of Rigid Cellular Plastics (ASTM D2842) 
- Resistance of Synthetic Polymer Material to Fungi  
(ASTM G21) 
v. Scanning Electron Microscope (SEM) to study the cell morphology and 
cell size 
iv. Differential Scanning Calorimetry (DSC) 
v. Thermogravimetry Analysis (TGA) 
 
 
This study focuses on the effect of foaming process condition and the properties 
of PP/PALF foam biocomposite. Foam biocomposites are prepared by using extrusion 
foaming technique. Materials used are Polypropylene (PP), pineapple leaf fiber (PALF), 
azodicarbonamide (ADC) and dicumyl peroxide (DCP). The filler loading varies in 
order to study the effects on foam properties. The foam biocomposite cell structures are 
characterized by using Scanning Electron Microscope (SEM). 
 
 
 
 
1.5  Significance of Study 
 
 
 Biocomposite based on polypropylene (PP) and natural filler (pineapple leave 
fiber) use as synthetic wood that can replace the wood in the furniture industries and 
packaging such as egg and fruit tray in Malaysia. Due the abundance of natural filler 
(rice husk, rice straw, kenaf, etc.) in Malaysia, biocomposite simply provides the 
alternative for wood apart from several other benefits such as biodegradability, low 
density, renewable resources, non-abrasive and low cost due to low material usage. In 
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addition, foaming is introduced to enhance the light weight of material to suit certain 
industrial needs. The establishment of structure and properties relationship will help 
manufacturer to predetermine the biocomposite material properties based on the 
component composition and processing parameter since this relates to the structural and 
morphological behavior. In brief, this study is important for development of 
thermoplastics filled foam biocomposite as it will provide lots of advantages in the 
related industries. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
72 
 
REFERENCES 
 
 
Averous and Halley (2009), Properties of Biocomposites Based on Lignocellulosic 
 Fillers. Carbohydr. Polym. 66, 480–493. 
 
Albertsson, A.C. (1980). Degradable Polymers: Principles and Applications. 
London: Chapman and Hall. 16, 623–635 
 
American Standard of Testing and Materials-ASTM International (2006). 
Standard Test Method for Water Absorption of Rigid Cellular Plastics. 
United State, ASTM D2842-06. 
 
American Standard of Testing and Materials-ASTM International (2009). Standard 
Practice for Determining Resistance of Synthetic Polymeric Materials to 
Fungi. United State, ASTM G21-09. 
 
Baker M. and Meod J. (2002), Thermoplastics, in Handbook of Plastics, Elastomers and 
 Composites, 4th edn, edited by C. A. Harper (Mc Graw-Hill, New York), 1-90.  
 
Bathgate R. J.; Collington, K. Tan(1981), Ann. Tech. Conf., Soc. Plast. Eng. Brookfield, 
 p856. 
 
Behravesh A. H.(1998), The Effect of Pressure Drop Rate on the Microstructures of 
 Unfilled and Glass-filled ABS Microcellular Foams,  Ph.D Thesis, University of 
 Toronto. 
 
Burkersroda et al. (2002), “Why degradable polymers undergo surface erosion or bulk 
 erosion", Biomaterials, Vol. 23 pp.4221-31. 
 
73 
 
Cacciari P., Quatrini G., Zirletta E., Mincione V., Vinciguerrra P. et al. (1993), Isotactic 
 Polypropylene Biodegradation by a Microbial Community: Physiochemical 
 Characterization of Metabolites Produced, Applied Environment Microbial, 
3695- 3700. 
 
Cao X., Lee LJ, Widya T., Macosko C. (2005), Polyurethane/Clay Nanocomposites 
 Foams: Processing and Properties Polymer; 46(3):775. 
 
Daniel Klampner and Vahid Sendijarevic (2004). Polymeric Foams and Foam 
 Technology (2
nd
 Edition). Munich. Hanser. 
 
Drzal, L.T., Mohanty, A.K., Burgueno, R. and Misra M. (2003). Biobased Structural 
 Composite Materials for Housing and Infrastructure Applications: Opportunities 
 and Challenges. Composite and Technology. 63:129-140. 
 
Fehn G. M. (1967), Extrusion Behaviour of Cellular Polypropylene, Journal of Cellular 
 Plastics. 
 
Folkes, M.J. (1982). Short Fiber Reinforced thermoplastics. Great Britain: John Wiley 
&  Sons  Ltd. 
 
Fowler, P.A. Hughes, J.M. Elias, R.M. (2007). Biocomposite from Crop Fibers and 
 Resins.IgerInnovations. 
 (URL:www.northwyke.bbsrc.ac.uk/pages/pdf_files/FowlerHughesElias.pdf) 
 
Fox R. W. and Goodman R. K. (1993), Plastics Laminate Containing Foamed 
 Polypropylene. UK Patent, GB 2 263 435 A. 
 
Gent and Tompkins (1999), Effect of Wood Powder on Polymer Foam Nucleation. 
 Journal Vinyl & Additive Technology. (12)1; 19. 
 
74 
 
George, J., Bhagawan, S.S. and Thomas S. (1996). Short Pineapple Leaf Fiber 
 Reinforced Polyethylene Composites. Journal of Thermal Analysis. 47: 1121-
 1140. 
 
George, J., Bhagawan, S.S. and Thomas S. (1998). Effect of Environment on the 
 Properties of Short Pineapple Leaf Fiber  Reinforced Low Density 
 Polyethylene Composites. Composite Science and Technology. 58: 1471-1485. 
 
Gu J. D., (2003), Microbiological Deterioration and Degradation of Synthetic Polymeric 
 Materials: Recent Research Advances, Int Biodeterior Biodegrad, 52: 69-71. 
 
Heck, III, R. R. (1985), Encyclopedia of Polymer Science and Engineering, 2
nd
 Ed., 
John  Wiley & Son. Inc.: New York, Vol. 2, p434. 
 
Howard G.T. (2002), Biodegradation of polyurethane: a review. Int. Biodeter. 
 Biodegr. 49, 245–252. 
 
Hueck H. J. (2000). The Biodeterioration of Materials: An Appraisal. Int. Biodeter. 
 Biodegr. 48, 5-11. 
 
Hunter B. A. (1985). Blowing Agents; Bulletin ASP-4455. Uniroyal Chemical Co., New 
 York, p394. 
 
Kasama Jarukumjorn, Wimonlak Sutapun, Yupapon Ruksapiwat, Jungrak 
 Kluengasamrong (2004). Effect of Silane Coupling Agent and Compatibilizer on 
 Properties of Short Rossells Fibers/Polypropylene. Natural Polymers and 
 Agrofibers Composites. Nakom Rachatsima, Thailand. 67-76. 
 
Kim, H.-S., Kim, H.-J., Lee, J.-W., Choi, I.-G., (2006). Biodegradability of Bio-Flour 
 Filled Biodegradable Poly(butylene succinate) Bio-composites in Natural and 
 Compost Soil. Polym. Degrad. Stab. 91 (5), 1117–1127. 
75 
 
Krayink A.M. (1981), Rheological Aspects of Thermoplastic Foam Extrusion. Polymer 
 Eng. And Science. Vol. 2, No. 21, Mid-February, p80-85. 
 
Kuboki T, Yoon H. Lee, Chul B. Park,Mohini Sain (2009), Mechanical Properties and 
 Foaming Behavior of Cellulose Fiber Reinforced High-Density Polyethylene 
 Composites. Microcellular Plastics Manufacturing Laboratory, Department of 
 Mechanical and Industrial Engineering, University of Toronto, Toronto, Ontario, 
 Canada. 
 
Kumar V. (1993), Microcellular Polymers: Novel Materials for the 21
st
 Century. 
Cellular  Polymers. Vol. 12, p207-223. 
 
Lee, Y.H. Wang, K.H. Park, C.B. Sain, M. (2007). Effects of Clay Dispersion on the 
Foam Morphology of LDPE/Clay Nanocomposites. J Appl Polymer Science. 
Wiley Periodicals, Inc. 103; 2129-2134. 
 
Liu, H. Wu, Q. Han, G. Yao, F. Kojima, Y. Suzuki, S. (2008). Compatibilizing and 
Toughening Bamboo Flour-Filled HDPE Composites: Mechanical Properties and 
Morphologies. Composites: Part A. 39: 1891-1900. 
 
Lugauskas, A., Levinskaite, L., Peciulyte, D. (2003), Micromycetes as Deterioration 
 Agents of Polymeric Materials. Int. Biodeter. Biodegr. 52, p233–242. 
 
Maffei M. (2006), Characterization of Foaming Phenomena of polypropylene Filled 
with  Azodicarbonamide and Silica. University of Akron. Msc Polymer Thesis.  
 
Markus Kaup, Michael Karus and Sven Ortmann (2003). Use of Natural Fibers for 
Composite in Germany and Austria. Evolution of the Market Survey 2002. Vova 
Institute GmbH. Germany. 
 
76 
 
Matsumara S. (2005), Mechanism of Biodegradation in Biodegradable Polymers for 
Industrial Applications, edited by R. Smith (Woodhead, England), p357-409. 
 
Mishra S., Misra M., Tripathy S. S., Nayak S.K. and Mohanty A.K. (2001). Potentially 
of Pineapple Leaf Fiber as Reinforcement in PALF-Polyester Composite: 
Surface Modification and Mechanical Performance. Journal of Reinforced 
Plastics and Composites. 20(4): 321-334. 
 
Mohanty A. K., Misra M., Hinrichsen G.(2000), Biofibres, Biodegradable 
Polymers  and Biocomposite, Macromolecular Materials and Engineering, 
Volume  276-277, Issue 1,p1–24. 
 
Nygard, Tanem P., Karlsen B. S., Brachet T. (2008), Extrusion Based Wood Fiber-
 PP Composites: Wood Powder and Pelletized Wood Fibers-a Comparative 
 Study. Composites Science and Technology. 68, 3418-3424.  
 
Panthappulakkal, S. Sain, M. Law, S. (2005). Effect of Coupling Agents on the Rice 
Husk-Filled HDPE Extrudate Profiles. Polym Int. 54: 137-142. 
 
Park C. B., Cheung L. K. (2004). A Study of Cell Nucleation in the Extrusion of 
Polypropylene Foams, Polymer Engineering and Science. (37)1: 1-10. 
 
Peters, S.T. (2002). Chapter 4: Composite Material and Processes. In: Haper, C. A. ed. 
Handbook of Polymer Platics, Elastomers and Composites. 4
th
 Edition. N. Y. : 
McGraw Hill Companies, Inc. 209-320. 
 
Pometto A. L. and Lee B. (1992), Process of Biodegradation of High Molecular Weight 
Polyethylene by Aerobic Lignolytic Microorganisms, US Pat. 5145779 08 Sept. 
 
Pop-Ilieve, R. Dong, N. Xu, D. Park, C.B. (2007). Visualization on the Foaming 
Mechanism of Polyethylene Blown By Chemical Blowing Agents under 
77 
 
Ambient Pressure. Advances in Polymer Technology. Wiley Periodicals, Inc. 
(26)4; 213-222. 
 
Rabello M. S. and White J.R. (1997), Biodegradation of sStarch and its Blends with 
Polypropylene, Polymer Degradation Stability, 55; 437-447. 
 
Ramesh, N. S., Rasmusen, D. H. (1991), Numerical and Experimental Studies of 
Bubbles growth During Microcellular Foaming Process. Polymer Engineering 
and Science. Vol. 23, No. 31, Mid-December. 
 
Ren, S. R., Hamley, I. W. (2001), “Cell Dynamics Simulations of Microphase 
Seperation in Block Copolymer”, Macromolecules, p116-126. 
 
Rodriguez-Perez, M.A. Velasco, J.I. Arencon, D. Almanza, O. De Saja, J. A. (1998). 
The Recovery Behavior of Crosslinked Closed Cell Polyolefin Foams. Polymer 
Engineering and Science. (38)5; 831-837. 
 
Singha, A.S. Thakur, V.K. (2009). Grewia optiva Fiber Reinforced Novel; Low Cost 
Polymer Composites. E-Journal of Chemistry. 6(1):71-76. 
 
Slabaugh, S. (2007). An Analysis of Density Reduction on High Carbon Fly Ash Filled 
Thermoplastics as a Synthetic Lightweight Aggregate. Proquest Information and 
Learning Company, United State. 
 
Shafi M. A., Joshi K, W. FR (1997), Bubble Size Distributions in Freely Expanded 
Foams. Chem. Eng. Sci.; 52(4):635. 
 
Sui, G. Fuqua, M.A. Ulven, C.A. Zhong, W.H. (2009). A Plant Fiber Reinforced 
Polymer Composite Prepared By a Twin Screw Extruder. Bioresource 
Technology. 100; 1246-1251. 
 
78 
 
Throne, J.L. (2004). Thermoplastic Foam Extrusion: An Introduction. Carl Hanser 
Verlarg, Munich. 
 
Uma Devi L., Bhagawan S.S. and Thomas S. (1997). Mechanical Properties of 
Pineapple Leaf Fiber Reinforced Polyester Composites. Journal of Applied 
Polymer Science. 64: 1739-1748. 
 
Vasile C. (1993), Degradation and Decomposition, in Handbook of Polyolefins 
Synthesis and Properties, edited by C. Vasile & R. B. Seymaur (Marcel Dekker 
Inc. New York), p479-506.  
 
Zakaria, Z., Ariff, Z.M. and Sipaut, C.S. (2009). Effects of Parameter Changes on 
the Structure and Properties of Low-Density Polyethylene Foam. Journal of 
Vinyl & Additive Technology. 31: 120-123. 
 
Zheng Y. and Yanful E. K. (2005), A review of Plastic Waste Degradation, Crit Rev 
Biotechnol, p243-250. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
